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A PRELIMINARY INVESTIGATION OF THE CEARACTERISTICS
OF AIR SCOOPS ON A FUSHLAGRE

By E. Barton Bell and Lucas J. DeEoster
SUHMMARY

An investigation of the charmcterlstice of ailr scoops
was mede in the WACA propeller—research tunnel. The in-—
vestigation showed that, at lnlet—velocity ratios squal
‘to or greater than 0.3, Bcoops in a forward position on
the fueelago gave total pressures in the inlet nearly
equal to free—stream total prossure. ©Scoops 1a positions
for which the boundary layer is appreclable must, how-
ever, have some means of separatlng the boundary-layer
air Tron the inlet air if satisfactory rressures are to be
obtained., Critical linch numnbers of 0.55 are obtainable
wlth scoons on the forward part of the fuselage.

INTRODUCT ION

The present preliminary investigation of the charac—
teristics of alr scoops 18 one phase of an NACA research-
prolect %o develop an efficient air inlet to meet the re—
quirements of modern alfreraft installotions, The purpose
of the lnveetigatlon wae to determine the effect of vary—
ing the inlet—velocity ratio on the pressures available in
the duct inlet and on the indicated critical Mack numder.,
The teste wers limited to scoops tested In two positions
on n etreamline body. With the scoops in the midposition
on the fuselage, several methods for separating the bound—
ary—layer air from the inlet alr were trled.

APPARATUS

The datin of this report were obtained from tests made
in the »ropeller—reseesrch tunnel on an NACA 111 fuselage
shapeo with a fineness ratlo of 5.0, The ordinates given




in table I were obtanlned from reference 1 but are ex—
pressed in a slightly different form. The top of the
fuselage was fltted with removadle wooden covers to which
scoops of varlous shapes were added. A re¢tangular stud
wing of NACA 0015 sectlon and 15—foot span was mounted

in a midwing position on the fuselage. TFigure 1 is g
photograph showing scoop B—1l—-c mounted on the model ready
for testing. The alr was taken in by the scoo> belng
tested, passed througa an axial—flow fan, and exheusted
through a duct leediang to the wing tip. The air flow was
increased or decreassad by rogulating the fan s»noed. Filg-—
ure 2 chows the genernl arrangement of the model. The
duct in the wing was in the form of a venturi tudbe, which
was calibrated and used to measure the quantity of alr
flowlng through the systen,

Scoops vere mounted in two different positions on
the fuselagoe. (See fig. 2.) Yor the forward position,
designatcd A, the entranrce wes 9% percent of the length
of the fuselage back frem the nose nnd for the midposi-
tlion, deslgnated B, the entrance wrs 37 percent from the
nose, :

The slx scoops tested are shown in figures 3 to 8.
The position of the scoop on the fuselage is indicated dy
the letter A or B in the designntion. The shape of the
scoop inlets, which was nearly rectansular with well—-
roundod cormners, is shown by the numeral 1. :Hodifica—
tlons in the shape of the lipr and the arterbody as well
as various means of boundary—layer control are designated
by a final letter. Ordinates for the outer surface and
the inner surface at the 1lip rre glven 1n tables II and III.

Scoops B~1l—a, B—1-b, and B-1l-c wers similar except
for various devices for separating the boundary—layer air
from the inlet alr. A screen having annroximately the
resistance of a radiator was fitted inslde these throee
scoops more closely to simulate actual conditions. With
scoop B—l—a, shown 1in figure G, the boundery layer was
bypassed under the screen and taken into the model along
with the rest of the air, The inlet of scoop B-1-b,
gshown in flgure 7, was enblrely outside the boundary layer
and provisions were made for the boundary-layer alr to
flow arocund the outside of the rest of the scoop. Scoop
B-1l—c, shown in figure 8, was similar to B-1—b except
that, in order to prevent spillage of boundary-layer air
into the duct, a skeet—metal shilsld was extended forward
6f the inlet a distance equal to the height of the 1nlet



HETHOD OF TnSTING

Tests were made of the model without a scoop to de-
termine the pressure dlstribution over the fuselegge and
the boundary—layer thicknese. The boundary—layver thick—
ness wes determined by surveys at several stations along
the top 6f the model with rakes of total—pressure tubes.

Hemsurements of pressure distribution and pressure
avalleblo in the scoop entrance were mnade at angles of
attack of Go, 8°, aad —3° for inlot—voloclty ratios vary—
ing from O to about 0.8, The 0° angle of attack was taken
a8 represontatlive of level flight with the scoop elther
on the top or on the bottom of the fuselage. The 3°
angles of attacl- were talten as rexresertctlve of a climb—
iag attitude with the ecoop either on the top or on the
bottonn of the fuselagze. At these anzgles of attaclk, the
1ift coefficient is in the neighbornood of C.4 with the
low aspect ratlo used. Pressuros were neasured alceng the
toy of the entrance 1lip on the centor line of each scoobp.
Tho total rressuro available inside the scoop was measurad
by a ra-e of total-pressuire tubouse locatod on the center
line noar the inlet.

RESULTS AND DISCUSSION

The following asymbole aro ueod in thro prosontation of
tho rosults:
P statlic prcssuro
q froo—etrean dyaamic proessuro
p/q proessuro cocfficiont
Vi voloclty in scoop inlot
v froo—stream volocilty

V1/v 1inlot—velocity ratio

H total prosesuro avalladlo at ontranco of BCOOpD

Hg criticsl KHach numbor




h depth of scoop entFance, inches
x distnnce from top of econp entrance, inches
a angle of attack of model, degreess

Twvo inportant Tactors affecting the flow into the
duct 1lnlets are tis boundary-layer thickness and the sur—
face—preassure Gistritutlon aleud of the poiat at which
the inlev 1s to be nrlaced. These charancteristics for the
test model are shown in figure 9.

The critical Mach number is plotted against inlet—
velocity r-tlo in figure 10 for each of the scoops at 0°
angle of gttack. These criticel Mach numbers werse ob—
tained from the mazimum negative pressure coefficlents
p/q by the method of reference 2. As shown ir figures 3
and 4, thhe afterbody of geoop A—1 was lengthened to make
scoop A—l—a 1n an attemnpt to raise the critlcal Mach nunber,
but the resultant increase was negligible. Scoop B—l-a
was derived from acocy 3~1 by lengthening the afterbody
and changing the 1lip shape. (See figs. 5 and 6.,) This
caange in shape resulted in an incresse in criticel Mach
number of about 0.06. HMaist scoops showed s uniform in—
crease of critical Hach anumber with increasing inlet—
velocity ratlo. The explsnatlon of this effect is clearly
given in reference 5.

The maxinunm speed over the 1in of the scoop results
from superposltion cf the induced velocltlies of the fuse—
lage and of tho scoop. If scoops of similar shape are
placed in regions of difforent induced veloclties on the
fusclage, tho scoop 1n tho region of lowecst induced ve—
loclty will huve the highest critical Mach number. TFor
thia reason scoops in position A had higher critical Mach
nunhers than sceoops ln position B.

The varlation of the total pressures in the scoop in—
lets uvitihr ialet—veloclty ratio and angle of attack 1is
shovn in figure 11. The total pressure avallable, in
terms of free—stroam dynamic pressure, is plotted agelanst
the dlstance from the top of the duct exvressed in terms
of the total :eight of the duct. The total—-preasure
mearurements were nmade on the center line of the duct en—
trance. The total helght of scoop B—1—a 1ncluded the
boundary layer beneath the vane in tkhe duct, which was
set ot 0,85 or the total height from the top of the duct.



It will bs noted that;-for -the two scoops in the A
position the pressures in the inlet are nearly equal to
free—stream total pressure for inlet velocliles at or
above 0.3. At a given inlet—velocity ratio the pressures
drop off for the 8° angle of attack; however, the condi—
tions that cause the airplane to operate at an increased
angle of attack also cause the inlet—veloclty ratio to
increase with a corresponding increase in total pressure,.

The marked increase in pressure at inlet-velocity
ratios at or above 0.3 in the modifled B scoops in compari-
son with the original scoop B—-1l is a result of separating
the boundary—layer alr from the inlet alr. At the A posi-—
tlon for which the boundary layer is thin, the effect of
such a divislon would be loss noticeadbles.

COITCLUSIONS

From tests of silx air scoops in two positions (for—
ward and middle) on e streamline fuselage, it was con—
cluded that:

1. The scoops tested in the forward nosition gave
total proessures 1ln the inlet almost equal to free—strean
total pressure for inlet—veloclty ratios of 0.3 or greater,

2. When the scoops were in posltions for whilch the
boundary layer 1is appreclable, it was necessary to resort
to some means of separating the boundary—layer elr from
the inlet alr to avoid low total pressuro ln the inlet.
Even with the methods tried, theroe was a decreoase in the
inlot pressurce next to tho body.

3. The critical Mach number increases wilth inlet—
velocity ratlio, For the forward position of the scoop,
a criticel Mach number of 0,550 was obtainable et an
inlet—veloclty ratio of 0.3. The highest critlical Hach
number for a scoop in the midpositlion was 0.5285 at an in—
let—velocity ratio of 0.3.

Langley liemorilal Aeronautical Laboratory,
National Advisory for Aeronautilcs,
Langley Fileld, Va.
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TABLE II

ORDINATES OF SCOOPS A—1 AND A-l-a

————

Scoop A-1 Scoop A-1l—a
Statlon
Inner Quter Inner Outer
ordinate | ordinate ! ordinate | ordinate
(in.) (in.) (in.) (in.) (in.)
(1) (2) (2) (2) (2)
-—-.: — r——— — _—-T--—-- U SN S — i ——
0.25 16.55 17.26 16.55 17.26
.50 16.50 17.51 16,50 17.51
.76 16.50 17.70 i€ .50 17.70
1,00 16,54 17.86 16.54 17.83
1,50 16 .64 18,09 16,64 18.09
2.00 —_— 18.28 18.28
2.50 18.14 18.44
3.00 — 18.57 —_ 18.57
3.50 —_— 18.70 —_— 18.70
5.00 —_— le.87 —_— 18.87
7.00 —_— 18.7¢9 ——— 18.87
9.00 —_— 18.65 —_— 18 .84
12.00 —_— 17.94 ——— 18.80
15.00  — 17.19 —_— 18.175
18.C0 —_— 16.92 —_— 18.693
21.00 e 16.72 —_— 18.64
21.25 —_— Tangent _—
to body
31,00 —_— —_— 18.51
35.375 —_— Tangent
to body
Nose redius «31 —_— 3l
Ordinate to
center of
nose radius 16.695 16.85 —_—

1Stationa are measured from nose of scoop.

20rdirates are measured from center line of model.



TABLE III

ORDINATES FOR SOOOPS B—1 AND B-l-—a Tt

Scoop B—l—a

Scoop B-1
Station —
Inner Outer Inner Outer
crdinate | ordinate | ordinate ordilnate
(in.) (in.) (in.) (in.) (1in.)
(1) (2) (2) (2) (2)
b - ——— e s faa s m h b e e ——
.25 23.94 24 .84 23.88 24.45
.00 &3 .88 25.07 P 27,83 24,63
.75 i 23.86 26.24 i 85.82 24,72
1.00 23.36 25.38 | 2%.83 24,89 ]
1.50 | 25c7 25.51 | 23.84 26,09 |
2.00 ; 25.62 | 25.21
5,00 i —_— 25,75 | — <5.37
4.00 | ——— 25.80 I —_— 25.42 |
5.00 | ——— 25.74 | —— 25.41 !
6.0C —— 25.60 | —— 25.36
7.00 l —— ' 25,35 ! — 25,27
8.50 | 24,90 | —n- 25.08
11.00 boe— ¢ 23,97 ] ———— 24.71
12.00 b o——— | 23.17 i — 24.36 |
15.00 | — 22.50 ! ———— 23,93 |
18.00 —_— 21.26 | — 23.22 |
£2.00 — 20.06 | —— 22,28
23.94 _— Tengoent | —
to body |
~6.00 —_— | —— 21.69
28.00 —_— - — 20.92
c1l.00 —_— —_— _— 20.29
34.00 — —_ _— 19.72
36.00 —_— —— —_— 19.36 !
39.00 —_— —_— —_— lg.84
41.61 —_—— —_— — Tangent
to body
Hose radius «375 —— .19
Ordinate %o
center of
nose radius 24.30 —_— 24.14 ——

1Stntions are measured from nose of scoopn.

20rdinates are measured from center line of model.
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Figure 1.- Model with scoop B-1-c¢ mounted
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